Abstract. This study aims to evaluate safety and practicality in clinical application for better guidance of single segmental osteoporotic vertebral compression fractures treatment. From May 2012 to September 2013, a total of 188 cases of patients with fractures, who received different treatment, were incorporated in the study and then divided into: group A (n=59), conventional pusher-type vertebroplasty; group B (n=54), balloon kyphoplasty; group C (n=60), new-type hydraulic delivery vertebroplasty treatment. The overall follow-up rate was 92.02%. Postoperative visual analogue scale (VAS) and Oswestry disability index (ODI) scores were significantly improved more than those of the preoperative scores in the three groups. Bone cement injection volumes in group A were significantly lower than those in group B and group C. Vertebral height recovery rates among groups were obviously different, showing statistical significance. After a year of follow-up, the vertebral height recovery outcome in group A was obviously poorer than that in group B and group C. A poorer outcome in group B was also found when compared with group C. In addition, the vertebral height restoration had a certain degree of loss, with the loss rate of 20.5, 14.0 and 7.5% in the three groups, respectively. Three operation methods have equivalent effects in the improvement of symptoms and functional recovery. Therefore, the new-type hydraulic delivery vertebroplasty provides a relatively more concise operation and shorter operation time, displaying more outstanding performance of clinical efficacy in spinal reconstruction and reduction of complications risks by evaluating the diffusion of the bone cement, vertebral height restoration rate and postoperative complications.
Introduction
By the end of the 21st century, the main demographic trends have been characterized with declining birth rates, stabilization in population size and elevation of the elderly population (1) . The aging of the society is increasingly serious, and much attention has been paid for the prevention of common diseases and improvement of the quality of life of the elderly (2) . It is anticipated that affected populations and corresponding health-care costs will be increased with population aging. Primary osteoporosis, associated osteoporotic compression fractures and a series of relevant complications are common in the elderly (in postmenopausal women predominantly, but also found in men) (3, 4) . Osteoporotic vertebral compression fracture is a fragility fracture characterized by decreased in distal forearm, hip, femur and other parts (5, 6) , most common in the spine (7) . In the early years, frequent applicable approaches include bed rest, stent assisted living and daily activities and the use of anti-osteoporosis drugs. These measures are the most commonly used for the treatment of this condition (7, 8) . However, such conservative treatment has failed to improve patients' severe pain and has always been accompanied by sleep disorders, mental anxiety and other symptoms, seriously affecting the quality of life of the patients (9, 10) . Furthermore, long time physical dysfunction may not only lead to severe bone loss and increase the progression of osteoporosis, but also greatly improve risks of bedsore, related heart, lung complications, and elevated mortality rates in elderly patients during treatment.
The current treatment of osteoporotic vertebral compression fracture is designed to relieve pain, restore the activity of the elderly, and reduce the incidence of complications (11, 12) . Vertebroplasty and kyphoplasty have been generally accepted and implemented (13, 14) . Previous evidence has supported that vertebroplasty is less time-consuming and more cost-effective compared with kyphoplasty (15) . Kyphoplasty is considered to be able to restore the vertebral height and reduce the risk of bone cement leakage (16) . However, horizontal comparison of both methods has been widely debated. Initial vertebroplasty was performed with the use of a hollow tube and the push rod to inject bone cement into the vertebral body, which is simple and effective (17, 18) . However, this metod is associated with a higher rate of bone cement leakage and recurrent fracture which is able to accurately control cement injection volume and injection pressure (16, 19) . Many scholars have tried to improve the bone cement injection through other auxiliary devices, and new-type hydraulic delivery vertebroplasty is one of the valid methods. Through the hydraulic conveying bone cement injection device, precise control of bone cement injection dosage and injection pressure restriction can be achieved successfully, as well as the decreased risk of bone cement leakage (20, 21) . Yet there were few relevant studies on the clinical application of those methods in the treatment of osteoporotic vertebral compression fractures.
Under the establishment of single segmental osteoporotic compression fractures, a comparative analysis was performed regarding the curative effect, physiological structure recovery, and common complication rates such as bone cement leakage of conventional pusher-type vertebroplasty, balloon kyphoplasty and new-type hydraulic delivery vertebroplasty in the treatment of single segmental osteoporotic vertebral compression fractures, so as to evaluate corresponding safety and practicality in clinical application for better guidance for the treatment of such kind of disease.
Materials and methods
Ethical statement. All procedures performed in studies involving human participants were in accordance with the ethical standards and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Before enrollment, written informed consents were provided from each participant before the performance of the experiment, which involved the informing of the risk of treatment procedures. The study was approved by the Ethics Committee of the Third Affiliated Hospital of Guangzhou Medical University (Guangzhou, China).
General information. The study was performed based on the incorporation of osteoporotic vertebral compression fracture patients who had operative indications in the Third Affiliated Hospital of Guangzhou Medical University from May 2012 to September 2013. Following screening and excluding, only patients with single segmental osteoporotic vertebral compression fractures were included in the study to avoid the mutual influence of multi-segment compression fractures in the evaluation and statistical analysis for the curative effect.
Inclusion criteria were: i) patients who were positively diagnosed with single segmental osteoporotic vertebral compression fractures in combination with clinical symptoms and signs, X-ray film, and/or magnetic resonance imaging; ii) symptoms appearing within 2 weeks and the magnetic resonance imaging results were confirmed with fresh fracture; iii) vertebral compression which did not exceed 75%; iv) spinal compression fractures without causing symptoms of nerve compression; v) patients without severe mental or neurological disorders, cardiac and pulmonary dysfunction, or other disorders that may affect the outcome of surgery or postoperative recovery; vi) patients who did not suffer from femoral head necrosis, severe knee arthritis and other walking activities that may affect the postoperative recovery of the disease, and vii) operative indications covering the following aspects: Vertebral compression exceeded 1/2 of the vertebral body; angle of kyphosis over 30˚; 1/3 intraspinal occupying; obvious symptoms of vertebral instability; severe osteoporotic vertebral fractures, and invalid conservative treatment.
Exclusion criteria were: i) imaging results showed compression fracture in the fifth thoracic vertebral body and above, but unclear during intraoperative X-ray imaging since the lateral film was covered by the shoulder blade; ii) patients who had poor blood pressure control during operation, or who were weak and unable to keep pronation, as well as those patients who had bone cement allergies or other situation that needed to suspend the operation; iii) patients with symptoms such as femoral head necrosis, severe knee arthritis and other walking activities, which may affect the postoperative recovery of the disease; iv) patients who had postoperative complications of bleeding, infection, coagulation disorders and other disorders affecting the normal course of treatment, and v) patients who were unable to cooperate with the postoperative treatment or to adhere to 1 year-follow-up due to economic or other medical reasons.
In strict accordance with the preset selection criteria, the study was designed by prospective investigation. There were a total of 188 cases of patients who were finally incorporated in this cohort study, with a sum up of 259 segments. Enrolled patients were classified into three groups by using stratified-block randomized grouping method on the basis of sex distribution, as well as affected/operated segments distributions and positions. Patients were blinded to the study and were unaware of the treatment assignment: i) group A, conventional pusher-type vertebroplasty was carried out in 63 cases of patients with 90 segments within this group; ii) group B, patients in this group were managed by balloon kyphoplasty, and a total of 58 cases of 81 segment were involved in; iii) group C, patients in this subgroup received a new-type hydraulic delivery vertebroplasty treatment, and there were 67 patients with 95 segments. Before operation, the vertebroplasty and kyphoplasty groups had similar baseline back pain based on the SF-36 physical component summary and Oswestry disability index (ODI) scores assessment. After operation, all patients received appropriate postoperative care, rehabilitation exercise and guidance for the treatment of osteoporosis.
Follow-up information. In this study, the follow-up period lasted 12 months after operation. At the end of the study, a total of 15 patients were excluded from this study due to the exclusion criteria of the cohort study; 4 of which showed blood pressure fluctuations during operation and could not tolerate surgery and were further excluded from this study; 4 patients with underlying disease progression during the follow-up period were excluded from the study. Additionally, 7 patients were lost during the follow-up period. Finally, a total of 59 (59/63, 93.65%) patients were involved and completed the study process in group A; 54 (54/58, 93.10%) patients completed the study process in group B; 60 (60/67, 89.55%) patients finished the study process in group C. The overall follow-up rate was 92.02%.
Operative procedures
General information and procedures within the three groups. The use of bone cement was the production of PMMA MENDECSpine low viscosity bone cement in Italy (Tecres S.P.A., Sommacampagna, Italy). Surgical instruments were purchased from Shanghai kailitai medical Polytron Technologies Inc. (Shanghai, China). For three kinds of operation, patients were informed to take the prone position in the surgical bed. Sterile surgical towel, was used and foundation as well as sedative drugs were given to relieve patients' anxiety. Surgery was conducted by unilateral approach, and the side of the patient with conscious pain was selected as the choice of surgical approach, following a 2% lidocaine local anesthesia. Using a percutaneous procedure, the needle was inserted in the direction of the pedicle of vertebral arch (depending on different segments), and was adjusted under the guidance of X-ray. The needle in the lateral spine development was confirmed to be located in the pedicle of the vertebral arch, and entered into the anterior-inferior 1/3 part along the pedicle of vertebral arch. In order not to penetrate the inner wall of the pedicle in the spinal normal development, the needle orientation was kept at an approximately 10-15 abduction angle, and it was ensured that the tip was as close to the midline of the vertebral body as possible. Subsequently, following another confirmation of the proper location of the puncture under fluoroscopic guidance, the needle core was pulled out. Furthermore, after the finishing of operational procedures in three groups, the operation time, number of operations, as well as operation symptoms in the course of all enrolled surgical patients were accurately recorded.
Conventional pusher-type vertebroplasty. Typical images of patients and correlated surgical procedures of conventional pusher-type vertebroplasty are shown in Fig. 1 . The equal proportion of bone cement powder and liquid mixture were poured into the mixing bowl, and cement was mixed into the early stage of the wire drawing under rapid agitation. The hollow push pipes were filled with bone cement (0.75 ml/pipe). Along the puncture needle, the pipes were inserted and pushed into bone cement until bone cement was diffused bilaterally and infiltration to posterior parts of the vertebral bodies under the monitoring of the X-ray intermittent fluoroscopy occurred. Of note, injection was stopped immediately if there was an occurrence of bone cement leakage of the vertebral body before satisfactory infiltration dispersion was reached. The above process was controlled within 10 min after the bone cement mixture had been completed. If the bone cement mixture had set within 15 min or full hardening of the residual bone cement occurred, the puncture needle was pulled out, followed by surgical dressing covering, and then the operation was completed.
Balloon kyphoplasty. The size of dilation balloon was 15 or 20 mm according to the size of the patient's injury. The puncture needle was preset to be inserted into the vertebral body 1/3 part, and the specific position was determined according to the size of the vertebral injury and the size of dilation balloon. The guide wire was placed from the outside of the needle tube, and the dilator was inserted under the guidance of the guide wire to establish a working channel. Fine bone drill was used to drill into the vertebral body 1/3 part, and then the bone drill and vertebral body bone fragments were removed. The dilation balloon was inserted via the working channel, and it was confirmed that the balloon front did not damage the vertebral body wall nor the trailing edge beyond the outer tube of the puncture needle by the monitoring of the X-ray intermittent fluoroscopy. After opening the tee valve, injection of contrast agent was performed in 15 atmospheric pressure to dilate the balloon, and the balloon was evacuated after dilation was satisfactorily achieved after which the catheter was removed. The equal proportion of bone cement powder and liquid mixture were poured into the mixing bowl, and cement was mixed into the early stage of the wire drawing. Subsequent procedures were the same as those in group A (steps 1-5), followed by a surgical dressing covering, indicating the operation in group B was finished. Typical images related to the surgical procedures are presented in Fig. 2 .
New-type hydraulic delivery vertebroplasty. On the operating table, a 20-ml sterile saline extracted with a syringe was injected into the hydraulic cylinder to 0˚ of the water level calibration line, and then, the hydraulic cylinder back cover was tightened. The equal proportion of bone cement powder and liquid mixture were poured into the mixing bowl, and cement was mixed into the early stage of the wire drawing. Cylinder-connected injection tube was inverted and pressed into the mixing drum, followed by clockwise rotation of the inverted barrel collar, and stirring barrel of bone cement was transferred to the injection tube. When the cylinder was arranged, the counter rotating cylinder was rotated clockwise to take down the cylinder and the mixing drum, and the quick joint of the hydraulic cylinder was inserted into the back cover of the injection tube. The syringe and needle tip were bolted down jointly. Clockwise rotation of the hydraulic cylinder pushed the handle and bone cement in the injection tube was slowly injected into the injured vertebra (0.3 ml/circle). The bone cement was injected into the posterior part of the bone cement through the monitoring of X-ray, and the posterior part of the vertebral body was diffused and infiltrated to the posterior part of the bone cement. The above process was controlled within 10 min after bone cement mixture was completed. Once the bone cement mixture had set for 15 min or full hardening of the residual bone cement occurred, the puncture needle was pulled out, followed by surgical dressing covering, and then the operation was completed. Details of the new-type hydraulic delivery vertebroplasty typical images of patients and correlated surgical procedures conducted step by step are shown in Fig. 3 .
Evaluation of therapeutic effect. Before surgery, 1 day after the operation, one month and six months after surgery, visual analogue scale (VAS) was used to compare the degree of pain in patients, respectively (22) . Corresponding scoring standards were as follows: 0 point for painless, 10 points for intolerable pain. Oswestry dysfunction indexes (ODI) (23) were used for functional recovery assessment. Height of the center, vertebral body and percentage of restoration in the vertebral body height were calculated subsequently to measure the stability of the structure. The incidence of bone cement leakage was recorded, and the risk of surgical complications were further compared.
Statistical analysis. SPSS version 22.0 software (IBM Corp., Armonk, NY, USA) was used. The age, sex ratio, operation time and bone cement injection volume of different groups were verified by single factor analysis of variance followed by post hoc test (Least Significant Difference). The VAS score, ODI score and incidence of bone cement leakage was verified by t-test before and after surgery. The percentage of restoration in the vertebral body height was verified by the Wilcoxon rank-sum test, and the difference was statistically significant when P<0.05.
Results
General data comparison among the three groups. There were 59 cases of patients with 85 segments within group A. A total of 54 cases of 75 segment were involved in group B, and 60 patients with 88 segments in group C. Corresponding affected/operated segments of participants from each procedure are provided in Table I , primarily concentrated in the area of the thoracolumbar segments. Mean ages of subjects from each group were 61.36±11.76, 59.73±10.71 and 64.38±12.00 years old, respectively. The sex ratios (male/female) of each group were 14/49, 11/47 and 16/51, respectively. No significant statistical difference was found regarding age and sex among the three groups, suggesting a comparability in those groups to some extent (all P>0.05). Furthermore, there was no statistical significance in the operation time between group A and group C, but there were statistical differences in that the operation time in group B was obviously higher than that in groups A and C (all P<0.05). In addition, considering the comparison of VAS and ODI scoring results before and after surgery, as shown in Table I , VAS and ODI scores were significantly lower preoperatively than those postoperatively among the three groups (all P<0.05). However, there was no statistical difference in the comparison of different time-point before and after operation within the three groups (all P>0.05). Table II , the total vertebral compression rate of groups A and B was 43.31±8.93 and 43.17±6.66% respectively, compared with group C (45.24±7.86%), and there was no significant difference among the three groups (P>0.05). Furthermore, the bone cement injection volumes in group A were significantly lower than those in groups B and C, with statistical significance (both P<0.05). Yet there was no significant difference between group B and group C (P>0.05). One day after the operation, the vertebral height recovery rates were 20.11±5.34, 28.47±3.36 and 32.17±3.20% in groups A, B and C, respectively, showing statistical differences (all P<0.05). After a year of follow-up, the vertebral height recovery rate of the three groups were 16.14±3.33, 26.24±2.12 and 29.82±5.13%, respectively. The vertebral height recovery outcome in group A was obviously poorer than that in groups B and C (both P<0.05). Furthermore, a poorer outcome in group B was also found when compared with group C (P<0.05). A year and one day after operation, X-ray films showed the vertebral height restoration had certain degree of loss, and compared with the recovery degree results, the loss rate was 20.5, 14.0 and 7.5% in groups A, B and C, respectively, while obviously lower in group C.
Total vertebral compression rates comparison among the three groups. As shown in
Bone cement dispersion comparison among the three groups. X-ray was applied in the included patients to confirm whether bone cement was over midline and reached the opposite side more than 3/4 of the vertebral body or not, and bone cement dispersion of the three different operative treatments was classified into three levels, namely, satisfactory, unsatisfactory and poor. There were 12 cases of poor dispersion and 20 cases of unsatisfactory dispersion in group A. Furthermore, in group B, 9 cases of poor dispersion were found, and no cases of unsatisfactory dispersion. In group C, there were 8 cases of poor dispersion and no case of unsatisfactory dispersion. In comparison, the bone cement dispersion in groups B and C were relatively better than that in group A, with a statistical difference (both P<0.05). A lower bone cement dispersion rate was also found in group C when compared to that in group B.
Follow-up and postoperative complications comparison.
There were no complications such as vascular embolization, spinal cord compression and other serious bone cement leakage during the follow-up period of 1 year among the three groups. There were a total of 17 segments showing bone cement leakage event that had no symptoms or caused local mild symptoms: 7 segments were in group A (7/59, 11.86%), 6 segments in group B (6/54, 11.11%) and 4 segments in group C (4/60, 6.67%). There were 8 cases of primary vertebral fractures, adjacent vertebral fractures or other vertebral compression fractures in 1 year after the operation with 3 cases in group A, 4 cases in group B, and 1 case in group C, while group C was significantly lower (Table III) . In particular, 8 patients with recurrent spinal fractures in one year after surgery were the same as those with diffuse or poor dispersion. This may indicate that there was a certain correlation between the dispersion of bone cement and the high risk of re-fracture.
Discussion
In the study, the curative efficacy of conventional pusher-type vertebroplasty, balloon kyphoplasty and new-type hydraulic delivery vertebroplasty were compared in the treatment of single segment osteoporotic vertebral compression fractures, to evaluate the remission of symptoms, functional recovery, reconstruction and prognosis assessment and thus to investigate the safety and practicality correspondingly. All the incorporated subjects were comparable among the three groups. Besides, enrolled patients were confirmed with single segmental osteoporotic vertebral compression fractures and underwent strict inclusion and exclusion criteria to avoid possible selection bias and potential interactions of mixed multiple segmental fracture affecting therapeutic effects assessment and statistical analyses. Additionally, thoracolumbar segments of the middle spinal are the transition segment of the thoracic kyphosis to the lumbar lordosis, upper undertaking of a relatively stable thoracic spine, lower connecting of the lower lumbar vertebrae with a relatively strong structure and supported by pelvis, which is the turning point in the flexion position of spinal biomechanics, and fracture is therefore frequent by external force.
In the comparison of pain relief related index VAS score and functional recovery index ODI score, VAS and ODI scores were significantly lower preoperatively than those postoperatively among the three groups, yet no statistical difference was observed comparing different time-points before and after operation within the three groups. The aforementioned results suggested that all approaches could significantly improve the postoperative VAS and ODI scores, providing similar sustained improvement with regard to pain and quality of life from baseline and remaining stable during the follow-up. These improvements were statistically significant and indicated certain clinical value regarding pain relief and functional recovery. Yet, neither balloon kyphoplasty nor the new-type hydraulic delivery vertebroplasty displayed their superiority. However and most importantly, it is not sufficient to simply evaluate the pain alleviation or short-term functional recovery to comprehensively evaluate the therapeutic effect of osteoporotic vertebral compression fractures. Vertebral body structure stability plays an important role in the long-term guarantee of the quality of life of patients after operation (24) . Further investigation on postoperative recovery and complication rates supported the significance of the new-type hydraulic delivery vertebroplasty in the treatment of single segmental osteoporotic vertebral compression fracture treatment.
Bone cement dispersion has been considered to be a critical index in the evaluation of the treatment efficacy of vertebroplasty and kyphoplasty (25) (26) (27) . Bone cement dispersion and distribution of the hydraulic delivery vertebroplasty had been indicated to be a more ideal selection than that of the conventional pusher-type vertebroplasty or balloon kyphoplasty, which may also have a positive correlation with the stability of the vertebral body and risk of complications postoperatively. Furthermore, after a year of follow-up, results of the height of the vertebral body also reflected the advantages of the new-type hydraulic delivery vertebroplasty. Both the bone cement injection volume and recovery rate of vertebral body height postoperatively were compared, and the result of the hydraulic delivery vertebroplasty group was better than that of the conventional pusher-type vertebroplasty group or balloon kyphoplasty group. Particularly noteworthy was that one year after surgery, the recovery vertebral body height still appeared significantly higher level in the patients of the hydraulic delivery vertebroplasty group than that of the other two groups. This may be likely to be a high-risk factor for the subsequent fracture of the vertebral body or other vertebral bodies of the latter two procedures, which may also be closely related to the dispersion of the bone cement (28) . Furthermore, although more bone cement injection was found in the hydraulic delivery vertebroplasty group than that in the conventional pusher-type vertebroplasty group or balloon kyphoplasty group. The leakage rate of the bone cement in the former group did not increase and was even lower than the latter two groups. Similar results were also found regarding complications such as the recurrence of spine fracture, although the follow-up time was relatively short, and the sample size was small. At least, this part of the investigation proved the stability and security of the new-type hydraulic delivery vertebroplasty in the management of osteoporotic vertebral compression fractures. In addition, a relatively higher bone cement leakage rate was found in the conventional pusher-type vertebroplasty group than that in the other two groups, and a possible reason may be that in the process of injection of the bone cement, the loading of vertebral pressure would inevitably result in the whole structure damage of the original vertebral bone structure. If the bone cement dispersion outcome was poor, the support effect would not be ideal, and bearing unevenness would therefore cause loss of vertebral height and increased refracture risk (28) (29) (30) .
The major limitation in this study was the relatively smaller sample size and relatively shorter follow-up period, which may affect the statistical power of the results. Furthermore, there is still no established standard for vertebroplasty and kyphoplasty. However, health-care in the perioperative period were kept in consistent. Of note, the strengthening of this study lies in the detailed selection criteria aimed to reduce selection bias, and the results of this trial confirmed the effectiveness of the new-type hydraulic delivery vertebroplasty at index levels was correlated with physical examination, imaging findings and postoperative follow-up. It will be better to verify the current study with further multicenter, large sample size and long-term follow-up studies.
To sum up, three operation methods have equivalent effects in the improvement of symptoms and functional recovery. Significantly, new-type hydraulic delivery vertebroplasty has a more concise operation and shorter operation time, displaying more outstanding treatment outcomes in the spinal reconstruction and reduction of complications by evaluating the diffusion of the bone cement, vertebral height restoration rate and postoperative complications than conventional pusher-type vertebroplasty and balloon kyphoplasty.
